We conducted DNA metabarcoding (based on the nuclear ITS2 region) to characterize indoor 20 pollen samples (possibly accompanied by other plant fragments) and to discover whether there 21 are seasonal changes in their taxonomic diversity. It was shown that DNA metabarcoding has 22 potential to allow a good discovery of taxonomic diversity. The numbers of spermatophyte 23 families and genera varied greatly among sampling sites (pooled results per building) and times, 24 between 9-40 and 10-66, respectively. Comparable Shannon's diversity indices equaled 0.33-25 2.76 and 0.94-3.16. The total number of spermatophyte genera found during the study was 187, 26 of which 43.9, 39.6, 7.5 and 9.1% represented wild, garden/crop and indoor house plants, and 27 non-domestic fruit or other plant material, respectively. Comparable proportions of individual 28 sequences equaled 77.4, 18.8, 2.7 and 1.1%, respectively. When comparing plant diversities and 29 taxonomic composition among buildings or between seasons, no obvious pattern was detected, 30 except for the second summer, when pollen coming from outdoors was highly dominant and the 31 proportions of likely allergens, birch, grass, alder and mugwort pollen, were very high. The 32 average pairwise values of SørensenChao indices that were used to compare similarities for taxon 33 composition between samples among the samples from the two university buildings, two 34 nurseries and farmhouse equaled 0.514, 0.109, 0.564, 0.865 and 0.867, respectively, while the 35 mean similarity index for all samples was 0.524. Cleaning frequency may strongly contribute to 36 the observed diversity. The discovery of considerable diversities, including pollen coming from 37 outside, in both winter and summer shows that substantial amounts of pollen produced in 38 summer enter buildings and stay there throughout the year. 39 40 Keywords: DNA metabarcoding, indoor air quality, next generation sequencing, plant 41 diversity, pollen, seasonal variation, taxonomic composition 42 43 3 Particles of indoor environments, such as dust mites, mold, bacteria, viruses, pet dander and 44 pollen, are major environmental concerns for human wellbeing, as they can cause severe health 45 problems (Chapman et al. 2007). Some of them, like viruses and bacteria, cause infections, while 46 others cause allergies in susceptible persons, possibly very serious ones. There are estimates that 47 Recent advances in DNA sequencing provide effective tools for species identification and 61 biomonitoring using DNA present in the environment. DNA barcoding through high-throughput 62 sequencing (next generation sequencing) allows the characterization of the species composition 63 of bulk samples, including both intact and degraded DNA extracted from environmental samples 64 (e.g. Taberlet et al. 2012, Bohmann et al. 2014), for example investigations on honey bee pollen 65 foraging and honey composition (Galimberti et al. 2014, Bruni et al. 2015, Cornman et al. 2015, 66 Hawkins et al. 2015, Keller et al. 2015), vegetation analyses in lake sediments (Parducci et al. 67 2013) and pollen monitoring in air (Kraaijeveld et al. 2015). Such DNA metabarcoding uses 68 4 universal PCR primers to mass-amplify a taxonomically informative gene from bulk samples. 69
nowadays allergic diseases caused by plant, animal and fungal allergens affect even more than 48 30% of the population in industrialized countries (Crameri et al. 2014) . observed mould growth, and we sampled them both before and after renovation. Indoor sampling 94 was conducted using a collector with a disposable filter (DUSTREAM TM Collector, Indoor 95 Biotechnologies Inc., Charlottesville, VA, USA; mesh size 40 µm) attached to the tube of a 96 vacuum cleaner with the suction power of 32 L/s. Both a horizontal (tables or shelves) and 97 vertical (walls) sample were collected by vacuuming an area of about 2 m 2 /sample (i.e., two 2 m 2 98 samples per room) from two rooms in each of five buildings (two office rooms in each university 99 building, two playrooms in each nursery school, and two bedrooms in the old farmhouse). 100
After vacuuming, the filter containing the dust was removed from the collector and 101 placed in a plastic bag until processing, involving cutting the filter, rinsing the filter with water 102 and emptying the content to a petri dish, where large non-biological particles were removed. 103
Thereafter, the samples were dipped in liquid nitrogen and ground in a ball mill, and DNA was 104 extracted using the CTAB method (Doyle and Doyle 1987) . The final volume was 100 µl.
119
Reverse ITS3 mix including three primers: 120
All 20-µl PCR reactions contained 2 µl of template DNA. After sequencing, primer sequences 125 were removed from the raw reads, and quality control, as described by Brown et al. (2013) , 126 followed. During this process, low-quality reads (below average PHRED score of 25) and short 127 sequences (< 100 bp) were removed. Then, all other sequence data were subjected to similarity 128 search against GenBank (www.ncbi.nlm.nih.gov/genbank), and assignment of taxonomic 129 identities using TAXAassign (https://github.com/umerijaz/ taxaassign) was conducted with 95 130 and 97% thresholds for genus and species levels, respectively. The 97% threshold is, by 131 convention, used as a divergence threshold for operational taxonomic units (OTUs) that serve as 132 It is notable that there were no major changes in spermatophyte sequence numbers between 154 winter samples analysed with different sequencing approaches, while Illumina-based analyses in 155 summer 2014 revealed high numbers of sequences, 6360 and 10954 sequences in Nursery 1 and 156 2, respectively, which equal to 10-100 -fold increases compared to sequence numbers in 2013 157 when 454 FLX pyrosequencing had been used. However, the third building, University 1, 158 analysed in summer 2014, showed an even slightly lower number of sequences (change from 726 159 to 482 sequences between summers). The used method is effective until the genus-level 160 identification of spermatophytes (99.7%), but ITS2 alone is not satisfactory for the species-level 161 identification (only 18.0% of the samples). Here, we present diversity and taxonomic 162 information based on genus level data unless specified differently. 163
The numbers of spermatophyte families and genera per sample varied greatly among 164 sampling sites (pooled results per building) and times, between 9-40 and 10-66, respectively 165 (Table 1) . Comparable ranges of Shannon's diversity indices were 0.33-2.76 and 0.94-3.16, 166
respectively. The total number of spermatophyte genera found during the study was 187, of 167 which 43.9, 39.6, 7.5 and 9.1% represented wild, garden/crop plants, indoor house plants, and 8 non-domestic fruit or other plant material, respectively. Comparable proportions of individual 169 sequences equaled 77.4, 18.8, 2.7 and 1.1%, respectively. Proportions of these four groups of 170 plants, based on sequences numbers, showed great variation among buildings and seasons ( Fig.  171 1). In the last samples from July 2014, a great majority, almost 100% of sequences, represented 172 pollen coming from outdoors (wild and garden/crop plants); also the proportions of sequences 173 representing likely allergens, birch, grass, alder and mugwort pollen, were then very high, 58.5% 174 (24.1% in the whole dataset). Both the winter and summer samples of the farmhouse possessed 175 very high proportions of outdoors pollen material (94.8 and 99.3% of sequences, respectively). 176
The change in the sequencing method and differences in numbers of sequences between 177 the first two and last two sampling times (particularly summer 2014) did not show in diversity 178 The used method, DNA metabarcoding, is a potentially effective approach to determine the 293 taxonomic composition and diversity of pollen and possible other plant particles, and it may be 294 suitable for pollen monitoring both indoors and outdoors. In this study, great variation in 295 pollen/plant diversities were detected among buildings. Yet, considerable diversities were found 296 both in winter and summer, which shows that substantial amounts of pollen produced in summer 297 enter buildings and stay there throughout the year. 
